a2y United States Patent
Olsavsky et al.

US009681833B2

US 9,681,833 B2
Jun. 20, 2017

(10) Patent No.:
45) Date of Patent:

(54) COEXTRUDED PLASTIC CAPILLARY TUBE

(71) Applicant: Tekni-Plex, Inc., King of Prussia, PA
(US)

(72) Inventors: Joseph E. Olsavsky, Waterville, OH
(US); Steve Schlater, Toledo, OH (US)

(73) Assignee: Tekni-Plex, Inc., Wayne, PA (US)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 656 days.

(21)  Appl. No.: 14/256,342

(22) Filed: Apr. 18, 2014
(65) Prior Publication Data
US 2015/0298128 Al Oct. 22, 2015
(51) Imnt. CL
A6IB 5/15 (2006.01)
B29C 47/06 (2006.01)
(Continued)
(52) U.S. CL
CPC .......... A6IB 5/150007 (2013.01); A61B 5/15

(2013.01); A61B 5/15003 (2013.01); A61B
5/150022 (2013.01); A6IB 5/150038
(2013.01); A6IB 5/150045 (2013.01); A61B
5/150206 (2013.01); A6IB 5/150274
(2013.01); A61B 5/150343 (2013.01); BOIL
3/502 (2013.01); BOIL 3/502707 (2013.01);
BOIL 3/561 (2013.01); B29C 47/0023
(2013.01); B29C 47/0026 (2013.01); B32B
1/08 (2013.01); B32B 27/08 (2013.01); B32B
27/285 (2013.01):

(Continued)

(58) Field of Classification Search
CPC . A61B 5/15; A61B 5/150022; A61B 5/15003;

A61B 5/150038; A61B 5/150045; A61B

5/150274; A61B 5/150142; A61B
5/150007; A61B 5/150206; A61M 25/00;
A61M 25/0009; A61M 25/0021; A61M
25/0043; A61M 25/0067;, B29C 47/0023;
B29C 47/006; B29C 47/0065; Y10T

428/1393
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,059,398 A 10/1991 Kenney
5,318,525 A * 6/1994 West .................. A61B 18/1492
600/585

(Continued)

FOREIGN PATENT DOCUMENTS

EP 2154402 2/2010
JP HO06277289 10/1994
(Continued)

OTHER PUBLICATIONS

Int’l. Preliminary Report on Patentability mailed May 4, 2016 1n
corresponding Int’l. Appln. No. PCT/US2015/025701.

(Continued)

Primary Examiner — Walter B Aughenbaugh
(74) Attorney, Agent, or Firm — Polsinell1 PC

(57) ABSTRACT

Coextruded plastic capillary tube and method of manufac-
turing a coextruded tube for collecting a volume of liquid.
The tube 1s disposable, inexpensive to manufacture and can
reliably draw blood and other aqueous based fluids into the
tube by capillary action, at a fluid uptake level comparable
to glass and other commercially pre-treated plastic tubes,
without requiring further interior coating.

28 Claims, 5 Drawing Sheets



US 9,681,833 B2

Page 2
(51) Int. CL (56) References Clited

BOIL 3/00 (2006.01) .
F16L 11/00 (2006.01) U.S. PATENT DOCUMENTS
GOIN I/14 (2006.01) 5429605 A * 7/1995 Richling .......... AG61M 25/1006
B32B 27/734 (2006.01) 604/103 11
B32B 27/36 (2006.01) 5,460,782 A 10/1995 Coleman et al.
B32B 1/08 (20060) 5,618,272 A 4/1997 NO_IHU.I‘&

H 5047940 A * 9/1999 Beisel oo, A61M 25/005
B32B 27/08 (2006.02) 604/764
B32B 27/28 (2006.01) 6,531,098 Bl 3/2003 Kenney
B32B 2730 (2006.01) 7674411 B2 3/2010 Berg et al.

ﬂ 8,070,719 B2  12/2011 Lee et al.
B32B 27732 (2006'01‘) 2003/0018320 Al 1/2003 Scheu
F16L 11/04 (2006.01) 2004/0241364 Al* 12/2004 Zihlmann ... B29C 45/16
B29C 47/00 (2006.01) 428/35 7
B29K 71/00 (2006.01) 2007/0128589 Al* 6/2007 Sanders .........oo....... C07K 7/06
B29K 77/00 (2006.01) 2008/0154239 Al 6/2008 Gielenz et al 5

. 1CICINZ € .
B29K 96/04 (2006.01) 2008/0188832 Al* 872008 Tanioka ..., A61B 8/445
B29K 105/00 (2006.01) 04/57
B29L 9/00 (2006.01) 2008/0293999 Al  11/2008 Halahmi
B29I 23/00 (2006.01) 2009/0259183 Al 10/2009 Chong et al.
COIN. 1/07 (2006.01) 2010/0049192 Al 2/2010 Holtz et al.

(52) US. Cl FOREIGN PATENT DOCUMENTS

CPC .......... B32B 27/302 (2013.01); B32B 27/308

(2013.01); B32B 27/32 (2013.01); B32B 27/34 1P
(2013.01); B32B 27/36 (2013.01); F16L 11/00
(2013.01); F16L 11/04 (2013.01); GOIN 1/14

WO
WO
WO

(2013.01); BOIL 2200/085 (2013.01); BOIL

2300/0838 (2013.01);, BOIL 2300/0858

(2013.01); BOIL 2300/0857 (2013.01); BOIL

2300/165 (2013.01); BOIL 2400/0406
(2013.01); B29C 47/0004 (2013.01); B29C
47/065 (2013.01); B29K 2071/00 (2013.01);

B29K 2077/00 (2013.01); B29K 2096/04
(2013.01); B29K 2105/0085 (2013.01); B29K
2995/004 (2013.01); B29K 2995/0097

(2013.01); B29L 2009/00 (2013.01); B29L
2023/007 (2013.01); B32B 2250/24 (2013.01);

B32B 2270/00 (2013.01);, B32B 2307/546

(2013.01); B32B 2535/00 (2013.01);, B32B
2597/00 (2013.01); GOIN 2001/028 (2013.01);

essary.).

GOIN 2001/149 (2013.01); YI0T 428/1393

(2015.01)

2004008628

pounds, Putnam, CT,
prebax.php, Web. Apr. 21, 2014.
First Oflice Action dated Mar. 3, 2017 in corresponding Chinese
application CN 201580008094.X (In the first Oflice Action, the
Examiner’s objections are raised as directed to the added metric
units 1n the claims. Since the Examiner merely objects to some
literal deficiencies without commenting on the merits of the
invention, an English translation of the O1

1/2004
9741906 Al  11/1997

2006123975 A1 11/2006
2009135098 A1 11/2009

OTHER PUBLICATIONS

* cited by examiner

PEBAX® MV 1074 SA 01 MED, Arkema Specialty Polyamides,
Arkema Innovative Chemustry, Columbes Cedex, France, http://

www.pebax.com/en/applications, Web. Feb. 10, 2014.
PEBAX® MED Polyether Block Amide, Foster Custom Com-
http://www .fosterpolymers.com/polymers/

Tice Action seems unnec-



U.S. Patent Jun. 20, 2017 Sheet 1 of 5 US 9,681,833 B2

12 14

4 3
| S

I D s . £ ~rt g g . L . £ oy g . JS . fgK £ £ o J |

N RN . VN VAN VRN VN . N VAN, VRN N N

AR RN RN WY/ RN W W W W . N W R
T .1

s . J . £ . L Ad L 2 )y . fF£ L AN - 2 o J . L

6 5 OD

FIG. 2




U.S. Patent Jun. 20, 2017 Sheet 2 of 5 US 9,681,833 B2

20




US 9,681,833 B2

v Il

. . (¥891G) peeod Ajjeulay
" el vi00 uedaH wniuowwy - alseld gejowind S
Cop
M . . (8091G) pajeo) Ajleussiu] uuedsH
= ZL} £00°0 WNIUOWWY SSE|S) awi] epog gejow|nd
=P
=
- H 100 13d 1266 D + J9se Yva - agn JoAejouo| I
—
e
-
= (You] ) (You] ) s|dweg
= uonoy Alejiden | (L) SSauolIy] ||lemapis uonduosaq uosuedwon

l @lqel

U.S. Patent



US 9,681,833 B2

Sheet 4 of 5

Jun. 20, 2017

U.S. Patent

EEGE] Vg 94|

8000 000

T ¢00°0

— _ ¢000

— c00 0

vG Ol
( zz 19he1) ¥20LAN Xeqed

WY : ( €2 JoAe ) 13d 1266 D+ J9SET TENE 0l

MVQA {( $z Johe ) £9/9 913d uewise]
(zz 19Ae ) ¥ L0LAN Xeqed eway ZNZ 5
12INZ 8

(pz Joke1) 13d 1266 D+ J8seTH)vd

(Zz 19he) YA 229 3N liIesegd
-lopuoA] { pz 19Ae ) €979 ©13d uewjses
( Zz 19AeT) 00 Xeqed

BWBNIY %0S + £9/9 ©13d uewjseq]
%06 ( vz JoAe ) £9/9 ©13d uew)sey

_ 2000

c00°0

_— ¢00°0

. G000

(2e 48he) 00y Xeqed
BWMNIY %G/, + £9/9 H17d uewise

%Gz ( fz 10Ae1) €929 ©15d uew)ses

( 22 19Ae) 00 xeged
WMy (( $g 40Ae ) €979 O 13d uewised
(zZz J9he1) VAR 229 9N
|eseg-{[opuoA %0S + L0 AW BWSNIY
%06 { ¥z 10Ae ) £9/9 917d uewises

(zz 1ohe) vL0LAN Xeqad
BwaNJY {( pz Joke ) £9/9 9 17d uewjses

2000

—— —

( 2z 19ke) 080ZAN Xeqad
BLANIY %G| + €99 D13d Uew)ses

%G8 ( pz 19Ae) €929 ©13d uewise]

——— ¢00°0

(Zz J8he) vLO0LAN Xegsd
BWSNIY %G| + €979 ©13d uewjses
%G8 {( ¥z JoAe1) £€9/9 ©13d uewise]

(youp ) ( zz 4ehe)
SSOUMOIU L [IBAA JOUU|

(youl ) ( gz 1ehe )
SSAOIY L [IBAA S1RIPpOWLIBIU]

uonduosa |
eqn]j

S|eu9)e

uopjonsuo) agqn| o|dwex3

¢ olqel



g5 "old
O

US 9,681,833 B2

£,

T

-

>

% ;

= el 7100 Z1L0°0
—

o _

3 €51 7100 600°0
=

L wuw) ] eu) (4oul) ( vz JokeT )

uoljoy Alejjiden ( 1 )SSaWOIYL llemaplg SSOUOIUL [[EM J1SOWIBIN0

U.S. Patent



US 9,681,833 B2

1
COEXTRUDED PLASTIC CAPILLARY TUBE

BACKGROUND

1. Technical Field

The present ivention 1s 1n the field of liquid handling,
and more specifically 1n the field of capillary tubes for
collecting and transferring a volume of liquid such as blood
from one point to another for testing or the like.

2. Introduction

Capillary tubes have long been used to collect and dis-
pense fluids. They are commonly used mm medical and
research fields to extract very small (micro-liter) samples of
liquids to be analyzed, such as blood samples for diabetics
to determine glucose levels.

The simplest type of capillary tube 1s a glass or plastic
tube open at both ends. For use in drawing blood, the
patient’s finger may be pricked with a lancet, allowing blood
droplets to form at the 1ncision point, and then one end of the
capillary tube 1s placed adjacent to the incision site whereby
blood 1s drawn 1nto the tube via capillary action. The sample
in the tube may then be transferred to another device, for
testing or analysis. The inherent rigidity of a glass tube 1s
quite desirable for handling by the phlebotomist and glass
tubes are 1nexpensive to manufacture. However glass tubes
are brittle, thus are prone to breakage and pose a safety
concern should they break during packaging, distribution,
transport or while 1n use.

Plastic capillary tubes are also commercially available.
Plastic tubes are less likely to break than a glass tube due to
the inherent toughness of some plastic materials 1n compari-
son to glass. However, depending on the polymer used to
make the tube, they may not be as eflective as glass at
drawing blood into the tube. They may require pre-treating
the interior of the tube so as to be rendered “wettable”, so
that the desired fluid can be drawn into the tube by capillary
action. Many plastic tubes are pre-treated prior to use with
an 1terior coating, such as an ammonium heparin coating,
for this purpose, but the coating process can be labor,
process and capital itensive and render the tubes less cost
cllective.

Thus there 1s an ongoing need for capillary tubes, par-

ticularly in medical applications, that can be manufactured
on a cost eflective basis that 1s competitive with glass tubes.

SUMMARY OF THE INVENTION

A coextruded plastic capillary tube and method of manu-
facture are provided in accordance with the present inven-
tion. The tube 1s disposable, inexpensive to manufacture and
can reliably draw blood and other aqueous based fluids into
the tube by capillary action, at a fluid uptake level compa-
rable to glass and other commercially pre-treated plastic
tubes, without requiring turther coating.

In accordance with one embodiment of the invention, a
coextruded multilayer capillary tube 1s provided comprising:
a tubular sidewall defining a central channel and comprising
at least two coextruded polymer layers coaxially disposed
along an axial length of the tube between open proximal and
distal ends of the tube; the tubular sidewall having an 1nner
diameter sized to permit an aqueous or aqueous based fluid
to flow into the central channel by capillary action through
an open end of the tube; the at least two coaxial coextruded
polymer layers comprising: an mnermost layer defining the
surface of the central channel comprising a polyether block
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2

polyamide (PEBA) polymer material; and an outer layer of
a material having a flexural modulus of at least about 250,00
pounds per square inch (psi).

In one embodiment, the material comprising the inner-
most layer has a flexural modulus of at least about 11,000
psi.

In one embodiment, the innermost layer material com-
prises a blend of PEBA and a base resin.

In one embodiment, the base resin 1s selected from the
group consisting of polyesters, acrylic resins, styrenic resins,
acetal resins, polyamides, polyolefins and polyolefin copo-
lymers, and all combinations and blends thereof.

In one embodiment, the central channel has a diameter in
a range of from about 0.01 inches to about 0.10 1nches; the
tube wall has a thickness 1n a range of form about 0.003
inches to about 0.060 1nches; and the innermost layer has a
thickness 1 a range of from about 0.001 inches to about
0.059 mches.

In one embodiment, the tube wall has two layers, includ-
ing an outer layer of semi-crystalline or amorphous polyes-
ter polymer material, and an mmnermost layer comprising
PEBA or a blend of PEBA and a base resin.

In one embodiment, the tube wall has two layers and the
central channel has a diameter in a range of from about 0.01
inches to about 0.10 inches; the tube wall has a thickness 1n
a range of from about 0.003 inches to about 0.060 inches;
and the mnermost layer has a thickness 1n a range of from
about 0.001 inches to about 0.059 inches.

In one embodiment, the tube wall has three layers, includ-
ing an outermost layer comprising semi-crystalline or amor-
phous polyester polymer material, an intermediate layer
comprising semi-crystalline or amorphous polyester poly-
mer material, and an imnermost layer comprising PEBA or a
blend of PEBA and a base resin.

In one embodiment, the tube wall has three layers and the
outermost layer has a thickness 1 a range of from about
0.0005 inches to about 0.058 inches, the mntermediate layer
has a thickness 1n a range of from about 0.0005 inches to
about 0.038 1nches, the mnnermost layer has a thickness 1n a
range of from about 0.001 inches to about 0.059 inches, and
the central channel has a diameter 1n a range of from about
0.01 inches to about 0.100 inches.

In one embodiment, the sidewall has an outermost layer
ol semi-crystalline polyester polymer matenal.

In one embodiment, the tube comprises a medical tube for
collecting a sample of blood or other aqueous based fluid.

In one embodiment, a medical device 1s provided 1nclud-
ing the coextruded multilayer capillary tube for collecting a
sample of blood or other aqueous based fluid.

In one embodiment, a method of collecting a fluid sample
1s provided comprising inserting an open end of the coex-
truded multilayer capillary tube into a fluid specimen and
drawing fluid from the specimen into the channel via cap-
illary action.

In one embodiment, the tube 1s sized for collecting a
sample of at least 0.5 microliters.

In one embodiment, the tube 1s sized for collecting a
sample of from about 0.5 to about 2 microliters.

In accordance with another embodiment of the invention,
a method of making a coextruded multilayer capillary tube
1s provided comprising: coextruding a tubular sidewall of at
least two coextruded polymer layers coaxially disposed
along an axial length of the tube, the tubular sidewall
defining a central channel for receiving a fluid, the tubular
sidewall having an 1mner diameter sized to permit an aque-
ous or aqueous based fluid to flow into the central channel
by capillary action through an open end of the tube, the at
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least two coaxial coextruded polymer layers comprising: an
innermost layer defining the surface of the central channel
comprising a polyether block polyamide (PEBA) polymer
material, and an outermost layer of a material having a
flexural modulus of at least about 250,000 pounds per square
inch (psi).

Additional aspects and/or advantages of the invention will
be set forth in the description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the inven-
tion will become apparent and more readily appreciated
from the following description of various embodiments,
taken 1n conjunction with the accompanying drawings of
which:

FI1G. 1 1s a side perspective view of a two layer coextruded
capillary tube 1n accordance with one embodiment of the
invention;

FIG. 2 15 a vertical sectional view, taken lengthwise along
the longitudinal axis of the tube of FIG. 1;

FIG. 3A1s a cross sectional view of the multilayer tube of
FIG. 1, showing the multiple layers across the tube wall
according to one embodiment of the invention; and

FIG. 3B 1s a cross sectional view of a multilayer tube
having a three layer structure, showing the multiple layers
across the tube wall according to another embodiment of the
imnvention;

FIG. 4 (Table 1) sets forth values of capillary action for
various comparison samples; and

FIGS. SA and 5B (Table 2) set forth values of capillary
action for various embodiments of the invention, FIG. SA
contaiming columns 1-5 and FIG. 3B containing columns

6-9.

DETAILED DESCRIPTION

Reference will now be made 1n detail to various embodi-
ments of the present invention, examples of which are
illustrated 1n the accompanying drawings, wherein like
reference numerals refer to the like elements throughout.

FIGS. 1-3 A illustrate a two layer capillary tube 1 accord-
ing to one embodiment of the mnvention. The tube comprises
an elongated tubular sidewall 2 surrounding a central axial
tubular bore or channel 6, and 1s open at both ends 3, 4. The
tube has an mner diameter ID for admitting a liquid into the
tube by capillary action via an open distal end 3, and an open
proximal end 4 for passing air from the tube as liquid 1s
being drawn into the tube at the distal end.

The tube 1 1s a continuous tubular body of multiple
coextruded polymer material layers 12, 14 extending coaxi-
ally along the entire length L of the tube, as shown in the
lengthwise cross sectional view of FIG. 2. Typically the
tubular body 1s substantially cylindrical, extending some
length L along an elongated tube axis A, and having a total
sidewall of thickness T extending from an mner tube diam-
eter ID to an outer tube diameter OD. The ID 1s sized, and
the innermost layer polymer material 1s selected, to permit
liquid to be drawn into the tubular body by capillary action.
The coextruded innermost layer material 12 forms surface 3
of the central bore 6; no coating 1s required on this surface
5 to provide the desired capillary action. The OD 1s sized,
and the outer one or more layer materials 14 are selected to
provide suilicient flexural strength for rigidity and desirable
handling characteristics to the tube for the mtended appli-
cation. This 1s accomplished by utilizing a material in at least
one of the one or more outer layer(s) which has a tlexural
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4

modulus at or greater than about 250,000 ps1 (pounds per
square inch). Typically the multi-layer tube will comprise
two layers or three layers, made of different thermoplastic
polymer materials that are coextruded 1n a continuous extru-
s10n process to form an extended length of tubing. Individual
capillary tubes may then be cut from the length of tubing at
desired lengths. In one example shown in FIGS. 1-3A, the
tube has a two matenal, two layer (ZM, 2L) sidewall,
including an mmnermost layer 12 comprising a polyether
block polyamide polymer material, and an outermost layer
14 comprising semi-crystalline or amorphous polyester
polymer material. This combination provides: a desirable
rate of capillary action for aqueous based liquids (e.g.,
blood); desired handling characteristics (e.g., based on flex-
ural modulus of the material utilized 1n the outer layer 14 of
a two layer tube, and/or the materials of an intermediate
layer 23 and outermost layer 24 of a three layer tube 20 as
shown 1n FIG. 3B). The iner layer may be either a polyether
block polyamide polymer, or a blend of the polyether block
polyamide and a base resin.

FIG. 3A illustrates a cross sectional view of a particular
two material, two layer (2ZM2L) capillary tube 1, having an
innermost layer 12 of thickness t, comprising polyether
block polyamide polymer material and an outermost layer
14 of thickness t, comprising an amorphous or semi-Crys-
talline polyester polymer material. In this example the layer
thicknesses are: t,=0.002 inches and t,=0.012 inches.

FIG. 3B 1illustrates a cross sectional view of a particular
three material, three layer (3M3L) capillary tube 20, having
an innermost layer 22 of thickness t, comprising polyether
block polyamide polymer material, an intermediate layer 23
of thickness t, comprising an amorphous or semi-crystalline
polyester polymer material, and an outermost layer 24 of
thickness t. comprising an amorphous or semi-crystalline
polyester material. In the 3M/3L example, the layer thick-
nesses are: t,=0.002 inches, t,=0.008 inches, and t.=0.012
inches. In both examples (FIGS. 3A and 3B), the tube 1inner
diameter ID may range from 0.010 to 0.1 inches (0.01 to
0.25 cm), and the total tube wall thickness T may range from
0.003 to 0.060 inches. The specific layer thicknesses may
vary 1n different examples depending on the materials used
and application. The tube size will also vary based on the
application or flmd sample size. In one example the tube
s1zed 1s Tor collecting a sample of least about 0.5 microliters.
In another example the tube 1s sized for collecting a sample
of from about 0.5 to about 2 microliters. In another example
the tube comprises a medical tube sized for collecting blood
or other aqueous based fluids.

The polyether block polyamide (PEBA) of the innermost
layer 12, 22 1s hydrophilic, so as to draw aqueous based
solutions 1nto the tube. PEBA 1s a thermoplastic elastomer,
with flexural moduli at or below 75,000 ps1 as tested by
either ISO 178 or ASTM D790, and 1s made of flexible and
hydrophilic polyether (PE), and rigid polyamide (PA). It 1s
a block copolymer obtained by polycondensation of a car-
boxylic acid polyamide (e.g., polyamide 6 (PA6), polyamide
11 (PA11), or polyamide 12 (PA12)) with a hydroxy termi-
nated polyether (e.g., polytetramethylene glycol (PTMG), or
polyethylene glycol (PEG)). The general chemical structure
1s: HO—(CO—PA-CO—O—PE-O)n-H.

Commercially available PEBA material 1s known under
the trade name of Pebax® (Arkema Specialty Polyamides,
Colombes Cedex, France, arkema.com). One suitable PEBA
material, sold under the designation Pebax MV1074 by
Arkema, has a flexural modulus of approximately 11,600
ps1, and 1s a hydrophilic block copolymer consisting of about

45% of hard polyamide-block (PA12) and about 55% of a
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soit polyethylene glycol (PEG)-block. See for example the
description of Pebax materials in Bondar V. 1., Freeman B.

D., and Pmnau 1., Gas sorption and characterization of

poly(ether-b-amide) segmented block copolymers, Journal
of Polymer Science, Part B: Polymer Physics, 1999, 37(17),

p. 2463-24775. Other grades of Pebax may be used as well,
such as Pebax MV?2080, which has a flexural modulus of
approximately 11,600 psi, Pebax 400, which has a flexural
modulus of approximately 49,300 psi, or Pebax MH1657,
which has a flexural modulus of approximately 11,600 psi.

As described further below, the PEBA can be used either
alone or 1n a blend with a base resin, such as those selected
from the group of polyesters, acrylic resins, styrenic resins,
acetal resins, polyamides, and polyolefins, such as polyeth-
ylene and polypropylene, and copolymers of polyolefins,
such as polyethylene vinyl acetates (EVA), and all combi-
nations and blends thereof.

The capillary action exhibited by the innermost tube layer
1s a function of both the nature of the polymer and the
diameter of the tube bore. As commonly understood, capil-
lary action 1s the ability of a liquid to flow 1n a narrow space
without assistance of, and 1n opposition to, external forces
such as gravity. It occurs when the tube diameter 1s sufli-
ciently small and when the intermolecular interaction or
adhesion of the liquid to the material comprising the inner
surface of the tube wall 1s stronger than the cohesive forces
between the liquid molecules.

EXAMPLES

In all the examples below, multi-layer capillary tubes
(0.033 inch IDx0.061 imnch ODx0.014 inch wall thickness)
were manufactured 1n a co-extrusion process known to those
skilled 1n the art. The respective thicknesses of each layer of
a two material, two layer tube (e.g., FIG. 3A), and each layer
of a three material, three layer tube (e.g., FIG. 3B), were
controlled by the extrusion tooling utilized, such as the “Tri
Die” extrusion apparatus manufactured by the Genca Divi-
s1ion of General Cable Company, Clearwater, Fla. The extru-
sion apparatus was selected so as to provide a uniform
thickness of the layers along the substantial entirety of the
axial length L of all layers in the tube.

The measurement of capillary action, or liquid flow
uptake, for the respective tubes was performed in the fol-
lowing manner. A pre-cut tube of length L of 2.950 inches
was held at approximately a 30° acute angle and brought into
contact with a 1 mL (mulliliter) drop of water which was
contained in a small aluminum pan. The tube was held 1n
place for a period of 10 seconds while 1n contact with the
drop of water and withdrawn after 10 seconds. The length of
travel ol the water up into the central bore of the tube, in
inches, was then measured with digital dial calipers (Dura-
Tool™ model 22-8582) and the results were recorded.

FIG. 4 (Table 1) lists as a basis of comparison the
measured capillary action of various monolayer tubes made
from plastic and glass materials, some of which were
pre-treated with an ammonium heparin coating as listed in
the description. FIG. 4 (Table 1) also lists the sidewall
thickness T of the tubes. In the first two Comparison
Samples 1 and 2, monolayer tubes were manufactured via
the extrusion process and dimensions described above and
were constructed of an amorphous polyester, Eastman 6763
PETG matenial (Eastman Chemical, Kingsport, Tenn., USA)
and a semi-crystalline polyester, DAK Laser +C 9921 PET
(DAK Americas, Wilmington, N.C., USA), respectively.
The Eastman 6763 PETG material has a flexural modulus of
approximately 300,000 ps1 and the DAK Laser +C 9921
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PET has a flexural modulus of approximately 363,000 psi1 as
measured per ASTM D790. The other tube materials listed
in FIG. 4 (Table 1) (Comparison Samples 3, 4 and 5), along
with their product codes, were purchased from Pulmolab
(Porter Ranch, Calif., USA, www.pulmolab.com). The glass
tubes (Samples 3 and 4) were described by Pulmolab as
made with soda lime glass and were obtained both with and
without an ammonium heparin internal coating. The ID of
the glass tubes was listed 1n the range of 0.043 to 0.047
inches. The plastic tube (Sample 5) purchased from Pulmo-
lab was listed to have an ammonium heparin internal coat-
ing. The ID of this plastic tube was listed 1n the range of
0.033 to 0.037 inches.

FIGS. SA and 5B (Table 2) compares the measured
capillary action of various two material, two layer (2M2L)
(Examples 1-9), and three material three layer (3M3L)
(Example 10) capillary tubes manufactured via the extrusion
process and dimensions described above. FIGS. SA and 5B
(Table 2) describes the materials and thicknesses thereof
utilized 1n layers 12 and 14 of the 2ZM2L capillary tube of
FIG. 3A, and the materials and thicknesses utilized 1n layers
22, 23 and 24 of the 3M3L capillary tube of FIG. 3B. FIGS.
5A and 5B (Table 2) also lists the overall sidewall thickness
T of the tubes. Examples 1 through 8 are constructed as
2M2L capillary tubes with Eastman 6763 PETG as the outer
layer 14. Example 9 utilizes DAK Americas Laser +C 9921
PET as outer layer 14. Example 10 1s constructed as a 3M3L
capillary tube and utilizes Eastman 6763 PETG as the outer
layer 24 and DAK Americas Laser +C 9921 PET as inter-
mediate layer 23. Examples 1, 2, 6 and 7 utilize a blend of
PEBA (in weight %) and another base resin as described as
inner layer 12. Example 4 utilizes a blend of PEBA (in
weight %) with Lyondell-Basell UE672 EVA, a polyethyl-
ene vinyl acetate copolymer, as the base resin for inner layer
12 (Lyondell-Basell Industries, Houston, Tex., USA).
Examples 3, 5, 9 and 10 utilize only PEBA as inner layer 12,
22. Example 8 1s a comparison example and utilizes Lyon-

dell-Basell UE672 EVA (no PEBA polymer) as inner layer
12.

As can be seen from Tables 1 and 2, for plastic capillary
tubes which do not have an internal coating and do not
comprise PEBA as inner layer 12, the capillary action 1is
minimal and below 0.1 inches of water uptake. This 1s

exemplified by Example 8 of FIGS. 5A and 5B (Table 2) and
by Comparison Samples 1 and 2 of FIG. 4 (Table 1).
Examples 1-7 and 9-10 of FIGS. 5A and 5B (Table 2),
comprising plastic capillary tubes of either the 2M2L (Ex-
amples 1-7 and 9) or 3M3L (Example 10) construction, and
which comprise PEBA either alone or as a blend with a base
resin as the inner layer 12, 22, show much improved
capillary action at a minimum of seven (7) times greater
water uptake volume as compared to having no PEBA in
mner layer 12. Likewise, as compared to glass capillary
tubes with or without a pre-treated internal coating as listed
in Comparison Samples 3 and 4 of FIG. 4 (Table 1), or with
plastic capillary tubes with a pre-treated internal coating as
listed 1n Comparison Sample 35 of FIG. 4 (Table 1), plastic
capillary tubes as of either the 2M2L (Examples 1-7 and 9)
or 3AM3L (Example 10) construction which comprise PEBA
cither alone or as a blend with a base resin 1n the 1nner layer

22, show comparable capillary action.

These and other embodiments of the invention will be
apparent to the skilled person and the invention 1s not limited
to the foregoing examples.
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The 1nvention claimed 1s:

1. A capillary tube comprising;:

a coextruded plastic multilayer capillary tube having a
tubular sidewall defiming a central channel and com-
prising at least two coextruded polymer layers coaxi-
ally disposed along an axial length of the tube between
open proximal and distal ends of the tube, the tubular
sidewall having an mnner diameter sized to permit an
aqueous or aqueous based fluid to flow into the central
channel by capillary action through an open end of the
tube,

the at least two coaxial coextruded polymer layers compris-
ng:

an mmnermost layer defining the surface of the central
channel comprising a polyether block polyamide
(PEBA) polymer matenal; and

an outer layer of a material having a flexural modulus of
at least about 250,000 pounds per square inch (ps1).

2. The capillary tube of claim 1 wheremn the material

comprising the mnermost layer has a flexural modulus of at
least about 11,000 psi.

3. The capillary tube of claim 1 wherein:

the innermost layer material comprises a blend of PEBA
and a base resin.

4. The capillary tube of claim 3 wherein:

the base resin 1s selected from the group consisting of
polyesters, acrylic resins, styrenic resins, acetal resins,
polyamides, polyolefins and polyolefin copolymers,
and all combinations and blends thereof.

5. The capillary tube of claim 1 wherein

the central channel has a diameter 1n a range of from about
0.01 1nches to about 0.10 inches;

the tubular sidewall has a thickness in a range of form
about 0.003 1nches to about 0.060 inches; and

the 1nnermost layer has a thickness 1n a range of from
about 0.001 inches to about 0.059 inches.

6. The capillary tube of claim 1 wherein:

the tubular sidewall has two layers, including the outer
layer of semi-crystalline or amorphous polyester poly-
mer material, and the imnermost layer comprising
PEBA or a blend of PEBA and a base resin.

7. The capillary tube of claim 6 wherein:

the central channel has a diameter 1n a range of from about
0.01 inches to about 0.10 inches;

the tubular sidewall has a thickness in a range of from
about 0.003 1nches to about 0.060 inches; and

the 1nnermost layer has a thickness 1n a range of from
about 0.001 inches to about 0.059 inches.

8. The capillary tube of claim 1 wherein:

the tubular sidewall has three layers, the outer layer being
an outermost layer comprising semi-crystalline or
amorphous polyester polymer material, an intermediate
layer comprising semi-crystalline or amorphous poly-
ester polymer material, and the mnermost layer com-
prising PEBA or a blend of PEBA and a base resin.

9. The capillary tube of claim 8 wherein:

the outermost layer has a thickness 1n a range of from
about 0.0005 inches to about 0.058 inches, the inter-
mediate layer has a thickness 1n a range of from about
0.0005 1nches to about 0.058 inches, the innermost
layer has a thickness 1n a range of from about 0.001
inches to about 0.059 inches, and the central channel
has a diameter 1n a range of from about 0.01 inches to
about 0.100 inches.

10. The capillary tube of claam 1 wherein the sidewall

outer layer 1s an outermost layer of semi-crystalline poly-
ester polymer material.
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11. The capillary tube of claim 1 wherein the capillary
tube comprises a medical tube for collecting a sample of
blood or other aqueous based fluid.

12. A medical device for collecting a sample of blood or
other aqueous based fluid including the capillary tube of
claim 1.

13. A method of collecting a fluid sample comprising
inserting an open end of the capillary tube of claim 1 into a
fluid specimen and drawing fluid from the specimen 1nto the
channel via capillary action.

14. The capillary tube of claim 1, wherein the capillary
tube 1s sized for collecting a sample of at least 0.5 micro-
liters.

15. The capillary tube of claim 1, wherein the capillary
tube 1s sized for collecting a sample from about 0.5 to about
2 microliters.

16. A method of making a coextruded plastic multilayer
capillary tube comprising:

coextruding a tubular sidewall of a coextruded plastic
multilayer capillary tube, the tubular sidewall compris-
ing at least two coextruded polymer layers coaxially
disposed along an axial length of the tube between open
proximal and distal ends of the tube, the tubular side-
wall defiming a central channel for receiving a flwd,

the tubular sidewall having an inner diameter sized to
permit an aqueous or aqueous based fluid to flow nto
the central channel by capillary action through an open
end of the tube,

the at least two coaxial coextruded polymer layers com-
prising: an innermost layer defining the surface of the
central channel comprising a polyether block poly-
amide (PEBA) polymer material, and an outermost
layer of a material having a flexural modulus of at least
about 250,000 pounds per square inch (psi).

17. A capillary tube comprising:

a coextruded plastic multilayer capillary tube having a
tubular sidewall defining a central channel and com-
prising three coextruded polymer layers coaxially dis-
posed along an axial length of the tube between open
proximal and distal ends of the tube, the tubular side-
wall having an inner diameter sized to permit an
aqueous or aqueous based fluid to flow into the central
channel by capillary action through an open end of the
tube, the three coaxial coextruded polymer layers com-
prising:
an mnermost layer defining the surface of the central

channel comprising a polyether block polyamide

(PEBA) or a blend of PEBA and a base resin polymer
material;
an ntermediate layer comprising semi-crystalline or
amorphous polyester polymer material; and
an outermost layer comprising semi-crystalline or
amorphous polyester polymer material having a tlex-
ural modulus of at least about 250,000 pounds per
square 1ch (psi).
18. The capillary tube of claim 17 wherein:
the outermost layer has a thickness in a range of from
about 0.0005 inches to about 0.058 inches, the inter-
mediate layer has a thickness 1n a range of from about
0.0005 inches to about 0.058 inches, the innermost
layer has a thickness 1n a range of from about 0.001
inches to about 0.059 inches, and the central channel
has a diameter 1n a range of from about 0.01 i1nches to
about 0.100 inches.
19. The capillary tube of claim 17, wherein the material
comprising the innermost layer has a flexural modulus of at
least about 11,000 psi.
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20. The capillary tube of claim 17 wherein: 24. The capillary tube of claim 17 wherein the capillary

the innermost layer material comprises the blend of PEBA tube comprises a medical tube for collecting a sample of
and base resin polymer material. blood or other aqueous based fluid.

21. The capillary tube of claim 17 wherein: 25. A medical device for collecting a sample of blood or

the base resin polymer material 1s selected from the group ° other aqueous based fluid including the capillary tube of
consisting of polyesters, acrylic resins, styrenic resins, claim 17.

26. A method of collecting a fluid sample comprising
iserting an open end of the capillary tube of claim 17 into
a fluid specimen and drawing fluid from the specimen into

10 the channel via capillary action.
277. The capillary tube of claim 17, wherein the capillary
tube 1s sized for collecting a sample of at least 0.5 micro-

acetal resins, polyamides, polyolefins and polyolefin
copolymers, and all combinations and blends thereof.

22. The capillary tube of claim 17 wherein
the central channel has a diameter 1n a range of from about
0.01 inches to about 0.10 inches;

the tubular sidewall has a thickness 1n a range of form

- : liters.
about 0.003 1nches to about 0.060 inches; and . . . .
the innermost layer has a thickness in a range of from 28. The capillary tube of claim 17, wherein the capillary

about 0.001 inches to about 0.059 inches 15 tube 1s sized for collecting a sample from about 0.5 to about

23. The capillary tube of claim 17 wherein the outermost 2 microliters.

layer 1s semi-crystalline polyester polymer material. * k% k%
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